This experiment was performed utilizing a total of 21 primiparous crossbred sows to determine whether a state of immunological suppression occurs during the latter stages of pregnancy in the pig and whether dichlorvos treatment affects immunological function of sows. Immunological reactivity was monitored by the use of in vitro lymphocyte transformation experiments employing the mitogens phytohemagglutinin (PHA), concanavalin A (Con A), pokeweed mitogen (PWM) and lipopolysaccharide (LPS). The degree of blastogenesis of lymphocytes recovered from animals on this experiment was not affected by dichlorvos treatment. Blastogenesis was not affected by stage of pregnancy except in the case of that induced by LPS, which decreased (P<.05) with advancing pregnancy. Sera from animals in this experiment were tested in a PHA-induced lymphocyte transformation experiment and it was found that sera from control animals were not inhibitory at any time. On the other hand, sera from dichlorvos-treated sows inhibited (P<.01) PHA-induced blastogenesis. The possibility exists that dichlorvos may increase fetal survival by inhibiting the ability of the sow to immunologically damage the fetus. (Key Words: Pigs, Dichlorvos, Immunology, Blastogenesis, Lymphocytes, Fetus.)
I ntroduction
It has become accepted that during preg- (Gatti et al., 1973; Bernard, 1977; Chaouat et al., 1979) , the hormones of pregnancy (Kobayashi et al., 1979) , a-fetogprotein (Tomasi, 1978; Figueredo et al., 1979) and uterine secretory protein (Murray et al., 1978) . A product based on dichlorvos (2,2-dichlorovinyl dimethyl phosphate) with the patent claim of increasing litter size (number of live pigs born/litter) and enhancing growth of neonatal pigs is available to swine producers. Presently, no clear mechanism accounting for the improved reproductive performance in sows treated with dichlorvos (DDVP) has been discovered (Siers et al., 1977) . The liver (among other organs and tissues) is involved in the rapid detoxification of DDVP (Ehrich and Cohen, 1977) . Animals respond to partial hepatectomy or chemical intoxication (Taketa et al., 1975) by producing greatly elevated levels of a-fetoprotein, which has been reported to be immunomodulatory (Tom~tsi, 1978) . These facts led to the question of whether there might be an increase in production of immunomodulatory material in sows treated with DDVP. If such a relationship exists, the elevated levels of immunomodulatory factors might be responsible for at least a part of the reported effects of DDVP in pregnant sows. The objective of this study was to determine whether DDVP affects the immune function in pregnant pigs. mg DDVP) 4 top dressing on their daily feed (1.8 kg of a corn-soybean diet supplying 14% crude protein and NRC-recommended levels of minerals and vitamins) from d 80 of gestation until they were sacrificed at about d 109 of gestation. The remaining 10 sows served as an untreated control group and received the same diet as mentioned above, without DDVP. The animals were fed in individual stalls with gates such that each animal was retained until it consumed its entire daily diet and dose of DDVP. On the day before initiation of DDVP treatment, blood samples were obtained from each sow for lymphocyte blastogenesis cultures. Additional blood samples were obtained at approximately 2 wk intervals until the sows were sacrificed. The three bleedings were grouped as d 80, d 94 and d 108 samples. On the day after the third bleeding (i.e., approximately 109 d of gestation) the animals were sacrificed and the fetal pigs were removed, counted and weighed. A comparison was made between the control and DDVP-treated sows regarding the number of fetuses present and the overall litter weight.
Lymphocyte Cultures. Lymphocytes were obtained from systemic blood samples from the sows at time intervals indicated above. The animals were bled from the anterior vena cava .wi~ch a sterile needle and syringe, and the blood samples (approximately 50 ml) were placed into a sterile, sealed-100 ml bottle containing 10 ml of tissue culture medium RPMI-1640 s, 10,000 IU penicillin, 10 mg streptomycin, 25 /ag fungizone and 4,000 IU heparin. An additional 20 ml of blood were collected into a sealed sterile vacutainer tube to provide a source of serum from each bleeding. Lymphocytes were harvested through use of Lymphoprep 6 by the method previously described (Murray et al., 1978) . The lymphocyte-rich fraction was resuspended in RPMI-1640 supplemented with 10% fetal calf serum s , 2% extra glutamine (from a 200 mM stock solution), 100 /ag streptomycin/ml, 100 IU penicillin/ml and .25 /ag fungizone/ml (enriched RPMI). Lymphocyte concentration was adjusted with enriched RPMI to 1 X 107 cells/ml.
Lymphocyte Transformation Experiments.
These experiments were performed in microtiter plates. A total volume of 200 #1 was used for each culture and three types of control culture were used. These contained only enriched medium, medium + mitogen or medium + lymphocytes. Lymphocytes were added to the appropriate wells in a volume of 100 #1 (containing 1 • 106 lymphocytes). Preliminary experiments indicated that for two of the mitogens used in this experiment: phytohemagglutinin (PHA) 7 and concanavalin A (Con A) s, 1 /ag of the mitogen/culture well was optimal, i.e., providing optimum stimulation with minimal cytotoxic effects. For pokeweed mitogen (PWM) s , .5 #g/well was optimal, while 2.5 /ag lipopolysaccharide (LPS)9/well was optimal. The culture volume for each well was adjusted to a total of 200/al with the enriched RPMI. Lymphocytes were incubated for 48 h, at which time 1 /aCi[3H]thymidine (6.7 Ci/ mmol) l~ was added to each well in a volume of 50 /al of enriched RPMI. The cultures were incubated an additional 15 h, at which time they were harvested with an automatic cell harvestor onto glass fiber filters that were then washed sequentially with physiological saline, 10% trichloroacetic acid and 100% methanol. The discs were placed in small sample vials along with 5 ml of scintillation fluid n and counted in a liquid scintillation counter with terminators set at 10 min or 200,000 counts. Each culture was performed in quadruplicate.
Serum-Mediated Effects on Lymphocyte
Transformation. The serum samples obtained from the sows in this experiment were used in lymphocyte cultures to determine the ability of the serum to modulate PHA-induced blastogenesis. Immediately after harvesting, sera were heat inactivated (56 C, 30 min) and sterilized by filtration (.2 /am). Sera from d 80 and d 108 of pregnancy were used for this experiment. Two volumes of serum were used, 15 and 75/al. Lymphocytes were prepared as described above, but were from a single gilt not otherwise related to this experiment. Similar to the cultures described above, total culture volume in each well was 200/al, which included the sow serum and 1 /ag PHA/well. The lymphocyte cultures were otherwise identical to those described above. Each experimental condition was performed in quadruplicate.
Computation s and Statistical Analyses.
Overall scintillation counter efficiency for these samples was 42.57 -+ .47%. Data (cpm) obtained from the scintillation counter, after computing counting efficiency for each sample, were converted to dpm. These data were utilized to compute the amount of thymidine incorporated by the lymphocytes in each well. This was done by the method of Burford-Mason and Gyte (1979) . Further, the net thymidine incorporated (pmol • 10 -6 lymphocytes) was determined by subtracting the value in unstimulated cultures from that of the stimulated cultures (i.e., with mitogen present). The thymidine incorporated was compared between control animals and DDVP-treated animals and among the different times of bleeding. Statistical analyses included analyses of variance, least-squares analysis of variance, Duncan's new multiple range test and t~tests (Steel and Torrie, 1960) .
Results and Discussion
It has been demonstrated that feeding the sow 800 to 1,000 mg of DDVP/d during the last 30 to 35 d of pregnancy significantly increases the number of live pigs born (Siers et al., 1976) ; birth weight of pigs (Siers et al., 1977) ; growth rate (Siers et al., 1976) and neonatal survival (Siers et al., 1977) . The objective of the present study was to determine if DDVP affects the immune response of sows, and reproductive performance was observed only at d 109 of pregnancy (table 1). Thus is was not possible to measure birth weight, survival or growth rate of the pigs. Dichlorvostreated sows averaged one pig more per litter than control sows, but this was not a statistically significant difference. On the other hand, fetal pig weight tended to be greater in the control animals than in the DDVP-treated sows.
The T lymphocyte blastogenesis induced by were different (P<.05). Furthermore, it is interesting to note that the blastogenesis occurring in T lymphocytes obtained from pregnant pigs was similar to that seen in the few nonpregnant pigs from this experiment. Thus, the data from this experiment suggest that pregnancy does not affect T-cell function in pigs; however, B-cell function may be somewhat depressed near term. The lymphocytes used in the present study were washed several times before exposure to the mitogens and culture, and this could have removed serum-mediated suppressive factors that might be related to the condition of pregnancy. In fact, many of the studies in which a suppressed immune response during pregnancy has been measured have supported the concept of serum-mediated suppressive factors in the pregnancy serum (Bernard, 1977; Chaouat et al., 1979; Figueredo et al., 1979; Stimson et al., 1979; Stimson, 1980; McCullagh, 1981) . However, there are some reports that indicate that in women and sheep, lymphocytes from systemic blood taken during pregnancy are inhibited even though they have been washed (Purtilo et al., 1972; Tomoda et al., 1976; Burrells et al., 1978) . Still, other researchers (Outteridge and Dufty, 1973; Miyasaka and McCullagh, 1981) did not observe a reduction in lymphocyte reactivity in cows and sheep. The possibility that serum-born factors present in pregnancy sera may be immunomodulatory was addressed by testing sera from the experimental animals on another pig's aData are means • SE. No significant differences were detected. bTwo sows farrowed in the group pen and some pigs were destroyed before the litters were found. No data from these two litters were used for the comparisons shown. (table 3) . In fact, a significant increase in rate of blastogenesis was observed in the presence of d 108, as compared with d 80, control sera (P<.01) at the 15 #l-level, but this was not the case at the 75 /al serum level. Thus, a significant day • serum level interaction was observed, but the meaning of this interaction is not clear. On the other hand, sera at both levels (15 and 75 ~tl) from sows on the DDVP treatment resulted in a greatly diminished rate of blastogenesis (P<.01) on d 108 (table 3) . Because this suppression was also present in the serum of the one nonpregnant DDVP-treated sow, but not in either pregnant or nonpregnant control sow sera, the serum factor(s) apparently is not pregnancyrelated. Thus, the serum study did not point to an immunosuppressive factor in pregnancy serum of the pig. Instead, DDVP induced a factor suppressive to PHA-induced blastogenesis that appeared unrelated to pregnancy. There is little doubt that the immune response is somewhat depressed during pregnancy in rodents and humans, but this may not occur systematically in ungulates. The local in utero lymphocyte suppression (Roberts, 1977; Murray et al., 1978 Murray et al., , 1979 Segerson, 1981) may be of greater importance in domestic animals. The only clearly documented physiological effect of DDVP in mammals is the inhibition of cholinesterases and carboxylesterases (Modak et al., 1975 ; Cohen and Ehrich, 1976; Stavinoha et al., 1976; Boyer et al., 1977; Silver, 1977) . The nonspecific cholinesterase inhibition by DDVP would appear inadequate to explain the effects on progeny of females fed DDVP during their pregnancy. The data presented herein suggest an additional physiological effect of DDVP-immunomodulation.
Metabolism and degradation of DDVP have been extensively investigated over the past 20 yr (reviewed by Wright et ai., 1979; Ramel et al., 1980) . Page et al. (1972) studied the metabolic fate of DDVP in swine. This study showed that DDVP is rapidly degraded by hydrolysis of the phosphate-vinyl bond to dimethyl hydrogen phosphate and vinyl chloride. Further degradation is by recognized metabolic pathways and there is no accumulation of DDVP or metabolites in tissues. The in vitro half-life for degradation in human or pig blood was 20 to 25 rain at 37 C. Degradation in other mammalian species is similar (Wright et al., 1979) . Therefore, levels of intact DDVP in 
Dichlorvos-treated, nonpregnant sows 57.8 58.1 ~4.4 30.5
(1) (1)
aData are pmol thymidine incorporated (means *-SE). Lymphocytes used in this experiment were obtained from a single bleeding of a gilt not related to the experiment. Each culture was replicated in quadruplicate. Data on effects of sera from nonpregnant sows are included to show trends only. In the dichlorvos groups, two sows farrowed early, preventing the procurement of d 108 (prepartum) blood samples and one other sow in each group was missing a sample of d 80 or 108 serum. No samples from these sows were included in this experiment. Coefficient of variability for quadruplicate cultures = 7.83 ~ .64%. eNumber of sows in parentheses.
the blood of subjects would be very low within a few hours of ingestion. In the current experiment, blood samples were obtained 3 to 5 h after feeding DDVP and clotting overnight in the cold was allowed before freezing. Thus, it would appear unlikely that DDVP, per se, would be responsible for the serum-mediated effects observed in this experiment. However, a conclusion on this point must be deferred because Perocco and Fini (1980) reported that DDVP in doses 1,000-to 10,000-fold greater than that fed to pigs in the current experiment inhibited DNA synthesis in human lymphocytes cultured in vitro for a short term (4 h). Thus, it is conceivable that the inhibition of PHAinduced transformation of lymphocytes observed in this study could be due to DDVP, but this seems highly unlikely.
The data presented herein indicate that DDVP is, or induces the production of a substance that is, highly suppressive to at least a population of T-cells. This supports the possibility that DDVP may enhance fetal pig growth and survival and neonatal pig growth by virtue of an inhibitory effect on the maternal and, possibility, the fetal immune system. These possibilities will require additional investigation, as will the possibility that the effects of DDVP are mediated in nonpregnant as well as pregnant animals. 
